Background-A study was undertaken to assess the interactions between prenatal exposures, early life infections, atopic predisposition, and allergen exposures in the development of wheezing up to the age of 4 years in a tropical region of Africa. Methods-The study subjects comprised children born at the district hospital in Ifakara, Tanzania during a 1 year period who were participating in a trial of iron supplementation and malaria chemoprophylaxis during the first year of life and followed for up to 4 years. From this group of subjects, 658 (79%) participated in the interview at 18 months and 528 (64%) in a second interview at 4 years. Wheezing was measured with the ISAAC questionnaire. A hospital based inpatient and outpatient surveillance system was set up to document all attendance by study children for any cause, including episodes of clinical malaria and lower respiratory tract infections. Total IgE levels and malaria parasites were measured in maternal and cord blood. Total IgE was also measured at 18 months of age. Indoor environmental levels of Der p I and Fel d I were determined using an enzyme linked immunosorbent assay at the same time as the interview at the age of 18 months. Results-The prevalence of wheezing at 4 years is common in Ifakara (14%, range 13-15%). The presence of malaria parasites in cord blood (odds ratio, OR = 6.84, 95% CI 1.84 to 24.0) and maternal asthma (OR = 8.47, 95% CI 2.72 to 26.2) were positively associated with wheezing at the age of 4 years, and cord blood total IgE was negatively associated (OR = 0.24, 95% CI 0.07 to 0.85) (all p<0.05). Parasitaemia at birth was not related to total IgE levels in cord blood (p=0.6). Clinical episodes of malaria during infancy were not associated with wheezing, and nor were levels of indoor aeroallergens. Conclusion-These findings suggest that events occurring during pregnancy may play a role in the future appearance of wheezing, although the results must be interpreted with caution because of the small numbers studied. (Thorax 2001;56:290-295) 
Wheezing in early life is common. 1 In a few children early wheezing portends recurrent episodic wheezing and subsequent asthma. 2 At present there is no clear understanding of what factors drive the development of asthma. There is some indirect evidence that early life infections are protective against IgE sensitisation [3] [4] [5] and childhood asthma. [6] [7] [8] Furthermore, some in vitro studies have suggested that the in utero environment is important in the development of asthma. 9 Longitudinal studies collecting data from birth have found a positive association between low respiratory tract infections (LRTI) and asthma, [10] [11] [12] a lack of association between LRTI due to syncytial virus (RSV) and wheezing at age 13, 13 and a positive association between the use of antibiotics and asthma. 10 The problem with current epidemiological studies in the developed world is that they may not be helpful for investigating the onset of asthma because common childhood infections such as measles now occur rarely and most children are prescribed antibiotics at some time in early childhood. The more convincing answers therefore seem likely to come from similar studies in the developing world, 14 although the high frequency of parasite infestation introduces complexities in the maturation of the immune system and its relation with asthma in these regions. 15 Another hypothesis is that the onset of asthma is related to exposure to allergens. It is widely accepted that exposure to common aeroallergens in the very early years of life is important in determining subsequent development of IgE sensitisation 16 and that IgE sensitisation is strongly linked with development of respiratory symptoms and asthma. 14 However, this evidence is not without disagreement. 17 18 In a recent study in a rural area of Ethiopia 19 reactivity to environmental allergens was negatively associated with asthma, and a similar result was reported in mothers of children participating in the present study in Tanzania. 20 We had the opportunity to follow up to the age of 4 years a birth cohort of children from Ifakara, Kilombero district in southern Tanzania, in whom the presence of malaria and lower respiratory tract infections (LRTI) had been established, together with the direct measurement of aeroallergens in a subsample. We aimed to assess the interactions between prenatal exposures, early life infections, atopic predisposition, and allergen exposures during infancy in the development of wheezing up to the age of 4 years.
Methods

STUDY DESIGN AND SUBJECTS
The characteristics of the area and study population have been described in detail elsewhere. 21 Briefly, the study was carried out in the town of Ifakara, an area of intense and perennial malaria transmission. The study subjects were children who were participating in a trial looking at the eVect of iron supplementation and malaria chemoprophylaxis on anaemia and malaria during the year 1995. Children were followed from delivery up to 4 years of age in four randomised groups. 21 Among the 1086 newborn babies at the district hospital of Ifakara during the years 1995-6 (about 70% of all births in the area), 832 were included in the trial. Of these, 658 (79%) participated in an interview at 18 months that was originally set up to assess the eVect of the intervention on malaria, and also included a respiratory questionnaire. Reasons for nonrespondence were mainly death and severe anaemia. 21 A second interview was performed when the children were aged between 3 and 4 years (mean (SD) age 3.89 (0.25) years) which was answered by 528 mothers (63%), 489 of whom also participated in the interview at 18 months.
MEASUREMENT OF WHEEZING
A questionnaire on the history of current wheezing and environmental conditions based on the AMICS questionnaire 22 was administered to mothers during the visit at 18 months. The questionnaire was adapted to Swahili by a bilingual paediatrician from Ifakara hospital and back translated by another bilingual worker. Two trained field workers carried out the interviews. Wheezing at 18 months was defined as a positive answer to the question "Has your child ever been wheezing or whistling in the chest?". A new questionnaire including the respiratory symptoms questionnaire of the ISAAC 23 was used at the 4 year visit in 1999. Wheezing at 4 years was defined as a positive answer to the question "Has your child had wheezing or whistling in the chest in the last 12 months?". Frequent wheezing at 4 years was defined as reporting more than two episodes of wheezing based on the question "How many attacks of wheezing has your child had in the last 12 months?". Persistent wheezing was defined as having wheeze both at 18 months and 4 years.
CLINICAL SURVEILLANCE AND DEFINITIONS OF
MALARIA AND LRTI
A hospital based inpatient and outpatient surveillance system was set up to document all attendance by study children and is described in detail elsewhere. 24 The hospital based passive case detection was complemented with cross sectional surveys carried out at 2, 5, 8, 12, and 18 months of age for the measurement of clinical malaria. Malaria infection was defined as the presence in the blood of the asexual 
*Mean (SD). †Defined as having been woken by an attack of shortness of breath, or having had an attack of asthma, or currently taking any medicine for asthma in the last 12 months. ‡IgE antibodies to cockroach or Der p I >0.35 kU/l.
parasite Plasmodium falciparum in any concentration at the time of contact with the health services, regardless of any signs or symptoms. Clinical malaria was defined as an axillary temperature of >37.5ºC and the presence of any P falciparum asexual parasite in the blood. 25 This definition has a sensitivity of 100% and a specificity of 80% in young children against a doctor diagnosis. 21 Two episodes of malaria were considered as the same if the time interval between them was shorter than 28 days.
A history of hospital visits for LRTI was based on signs and symptoms (deep or "wet" chest cough, wheezing, hoarseness, stridor, or shortness of breath) recorded by both the inpatient and outpatient hospital surveillance system. 24 
LABORATORY METHODS
Parasites in cord blood were measured in thick and thin blood films using standard methods. 25 A sample of the mother's serum collected during delivery and of cord blood was stored at -20ºC and a 1 ml aliquot was used to measure IgE levels. The detection level for total IgE in cord blood was 1.9 kU/l. The laboratory did not quantify values of total IgE higher than 2000 kU/l. Levels of total serum IgE and specific serum IgE against Dermatophagoides pteronyssinus (Der p I) and cockroaches in the mothers and total IgE levels in the newborn infants were measured by the CAP method (Kabi Pharmacia, Uppsala, Sweden) and the values expressed in kU/l. Dust samples were taken in all houses following a standard procedure (vacuuming an area of 1 m 2 for 3 minutes
22
) from children's mattresses (or stowma in 38% due to absence of mattress) when children were aged 18 months. We used a standard household vacuum cleaner (1000 W, Rowena) with battery, fitted with 8 µm filter paper (Whatman) in an ALK dust trap. The whole surface are of mattress covers was measured and vacuumed for the same duration. Environmental levels of Der p I and cat dander (Fel d I) were determined in 128 samples selected at random, using an enzyme linked immunosorbent assay described elsewhere. 22 
ANALYSIS OF DATA
The incidence of malaria was estimated using the person-years method and the relative risk calculated as the ratio of incidence rates. In addition, the association between the number of episodes of clinical malaria and wheezing was analysed with the odds ratio using logistic regression. In this analysis the frequency of malaria was measured as a cumulative incidence without taking account of the time span from birth to the first episode. Association with the other variables (IgE levels, history of LRTI, environmental factors, and aeroallergens) was also analysed with the odds ratio using logistic regression with the STATA package. Adjustment for confounding variables was carried out with multiple logistic regression. Interactions were assessed using a stratified analysis and determined by testing the significance of the interaction term in the logistic regression model; p values of <0.05 were considered to be statistically significant.
Results
The prevalence of current wheezing during infancy is high in Ifakara (13.8%, range 12.9-14.7) although only a small proportion persisted both at 18 months and at 4 years of age in both sexes (table 1) . Table 1 also shows that clinical episodes of malaria and hospital visits for LRTI were very common, as well as maternal atopy. Total IgE was high both in mothers at delivery and in children at 18 months. Housing and environmental conditions of these children were those commonly found in semi-rural Africa-that is, most of the mothers working in agriculture (96%), African chickens in 43% of the houses, few mothers smoking (5%), small crowded houses (27% with a single room), earth floor (73%), and no electricity (86%). Clinical episodes of malaria were not associated with wheezing (table 2). The rate ratio between the incidence of malaria and wheezing was 0.97 (range 0.71-1.31). However, wheezing was more common in children with malaria parasites in the cord blood. Of the other risk factors studied, children with a hospital visit for LRTI had more wheezing (table 2), as did children with low levels of total IgE in cord blood and those with maternal asthma. Total IgE levels at 18 months, parity, maternal atopy, and maternal levels of total IgE were not associated with wheezing. Of the environmental variables studied, only the number of people living in the house was positively associated with wheezing, particularly with persistent wheezing. Indoor allergen levels were not associated with wheezing.
Malaria parasites in cord blood, a history of hospital visits for LRTI, low levels of total IgE at birth, and maternal asthma were independently associated with wheezing at the age of 4 years (table 3) . Similar associations, except maternal asthma, were found for frequent wheeze. Persistent wheeze was associated with the same variables in addition to the number of residents in the household. Neither maternal age or sex of the children, nor the variables stated in table 2 (also in the footnote) confounded these associations Stratification by a history of hospital visits for LRTI or by the intervention trial subgroup did not modify any of the associations (table 4) . Only an interaction between maternal asthma and the subgroup being treated with iron had a p value <0.25 (p=0.245).
Discussion
This is the first follow up study carried out in a developing country to assess the interactions between infections, predisposing factors, and environmental variables in the onset of wheezing. We have found that children were more likely to experience wheezing at the age of 4 if they had a prenatal exposure to malaria, low levels of total IgE at birth, and maternal asthma, and also clinical episodes of LRTI during infancy. However, a diagnostic bias may explain the association between LRTI and wheezing. Neither a history of clinical malaria nor the incidence of malaria was associated with wheezing. Among the environmental factors, only the number of people in the home was moderately associated with wheezing. Finally, indoor allergens were not associated with wheezing, although measurement error in dust collection could explain the lack of association.
Bacterial and possible viral infection during early life has been considered as a promoter or suppressor of asthma onset via the immune maturation 26 or exogenous inflammatory stimuli of the airways epithelium. 27 The role of parasites in asthma is also controversial. 28 29 There are no studies on the role of malaria in asthma, although malaria is extremely common in some tropical regions. In laboratory mice, dual infection by Epstein-Barr virus and malaria in early life promoted the production of antigens against malaria and the production of a non-cognate IgE response. 30 Helminth infestation may suppress allergic responses by reducing the production of specific IgE antibody 31 or by saturating the IgE receptor on mast cells and blocking access to specific IgE. 32 It is not known whether an intracellular parasite can produce the same eVect. It is important to consider whether malaria infection may involve diVerent mechanisms (Th1, Th2, and others) at diVerent stages of infection 33 which might explain in part the diVerent association with the parasite during pregnancy from that after birth. Total IgE in cord blood was negatively associated with wheezing at 4 years of age and was not related to the presence of malaria parasites in cord blood (p=0.6). The fact that parasites produced both IgE specific to parasites and non-specific polyclonal IgE 31 introduces complexities which are diYcult to understand with the present knowledge. In addition, we found no association between maternal atopy and childhood wheezing, which does not agree with the observed association in the developed world. 34 However, in tropical areas, definition of atopy by the presence of IgE antibodies is limited since a degree of cross reactivity between parasitic infection and Der p I may occur. 19 These mechanisms also may explain why we did not find an association with indoor allergens in dust.
Direct evidence of the role of respiratory infections in asthma comes from a retrospective cohort study in Oxford which found a positive association between respiratory infections (including whooping cough, croup, and chicken pox) and asthma. 10 This positive association with respiratory infections was also observed in a similar study in Scotland 11 and in a follow up study in Australia. 12 We also observed a positive association with wheezing at 4 years (only statistically significant for persistent wheezing), as well as an association with increasing number of residents in the household (which may be a marker of infections). However, a diagnostic bias could not be excluded since the diagnosis of LRTI was based in some cases on the presence of wheezing and, since LRTI not only included hospital admissions but also visits to the outpatient clinic, it is possible that a misclassification with upper respiratory tract infections may have occurred. In addition, in a longer follow up study the association with RSV infection disappeared when the follow up was extended to 13 years of age. 13 Opinions tend to polarise between people who believe that symptomatic RSV LTRIs in early life induce or act as a marker of an atopic asthmatic phenotype, and those who believe that non-atopic mechanisms contribute to both the acute RSV illness and subsequent respiratory morbidity. 35 Nowadays, many studies argue against the hypothesis that LRTIs induce atopic asthma. 13 35 It is possible that LRTI was associated with wheezing through chronic inflammation of the airways rather than through an immunosensitive process.
Current maternal asthma, defined according to the ECRHS definition, 36 was strongly related to persistent wheezing, independently of the frequency of LRTI, which excludes the potential recall bias. Such a family predisposition was not unexpected given the genetic eVect of asthma. 26 Diagnosis of wheezing is less valid in an area with high prevalence of LRTI. However, the fact that the stratification of wheezers by LRTI did not modify the association between wheezing and parasites in cord blood, total IgE in cord blood, and maternal asthma suggests that this diagnostic bias is not diVerential. A second diYculty was standardisation of the dust collection protocol, given the characteristics of the houses. The measurement error in dust collection could explain the lack of association between indoor allergens and wheezing. In addition, only 658 of the 832 recruited (79%) were followed up. If the losses were related to malaria or other risk factors or wheezing, a bias could have occurred. This possibility is unlikely since the number and reasons for non-response was similar in the four intervention groups of the trial 21 and stratification by intervention group did not modify the associations. It is therefore unlikely that selection bias aVected the observed association with prenatal exposures (parasites in cord blood, total IgE in cord blood, or maternal asthma) since these variables were unlikely to be related to nonresponse. A final limitation to the study is that the association with parasites in the cord blood is based on only a small number of cases with parasitaemia, but neither stratified analysis nor adjustment for all variables in the study modified the association.
In conclusion, this epidemiological study in an African area with a high prevalence of malaria and LRTI shows a novel association between blood parasitaemia at birth and wheezing, but not with clinical episodes of malaria after birth. Although these findings must be considered with caution, given the small numbers, they suggest that prenatal exposure to malaria and the levels of total IgE at birth may play a role in the occurrence of wheezing, perhaps through the in utero priming of fetally derived Th cells.
